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Abstrat We analyzed the spae veloities of Gould Belt stars younger than 125 Myr
loated at helioentri distanes < 650 p. We determined the rotation and expansion pa-
rameters of the Gould Belt by assuming the existene of a single kinemati enter whose
diretion was found to be the following: l◦ = 128
◦
and R◦ = 150 p. The linear veloities
reah their maximum at a distane of ≈ 300 p from the enter and are −6 km s−1 for
the rotation (whose diretion oinides with the Galati rotation) and +4 km s−1 for the
expansion. The stellar rotation model used here is shown to give a more faithful desription
of the observed veloity field than the linear model based on the Oort onstants AG and
BG. We present evidene that the young lusters β Pi, Tu/HorA, and TWA belong to the
Gould Belt struture.
Key words: Gould Belt, Galaxy (Milky Way), OB assoiations, TW Hydrae, β Pitoris,
Tuana.
INTRODUCTION
The star-and-gas omplexes assoiated with star formation proesses in our Galaxy and
in other galaxies have a hierarhial struture (Efremov 1998; Efremov and Elmegreen 1998).
Giant star-and-gas (GSG) omplexes trae the spiral pattern of the Galaxy (Efremov 1998).
The GSG omplexes have masses of ≈ 1 × 106M⊙, sizes as large as 1000 p, and lifetimes
τ < 108 yr. Less massive strutures, suh as OB assoiations, open star lusters, and giant
moleular louds, are part of a GSG omplex. The Sun lies within a GSG omplex that is
known as the Gould Belt (with a radius of ≈ 500 p and a lifetime of τ ≈ 60 × 106 yr). In
turn, the Gould Belt is part of an older (τ ≈ 5 × 108 yr) and more massive (≈ 2 × 107M⊙)
struture about 1000 p in size that is known as the Loal (Orion) Arm or the Loal system
of stars pereived as a gravitationally bound, long-lived system. Its kinematis suggests that
it is assoiated (Olano 2001) with the Sirius star superluster (Eggen 1984, 1992). Sine the
mean residual veloity of the Sirius superluster stars relative to the loal standard of rest
(LSR) is low, the enter of mass of the Loal system of stars has made several turns around
the Galati enter in a nearly irular orbit. Over its lifetime, the Gould Belt has probably
experiened a single impat from a spiral density wave.
An important indiator of the stability of suh a system as the Gould Belt is the existene
of proper rotation. Suh rotation is reliably found from observations of Gould Belt stars
(Lindblad 2000; Bobylev 2004). Over its lifetime, the Gould Belt has been affeted by the
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shok wave generated by a spiral density wave at least one. An analysis of the motions
of the OB assoiations that fill the interarm spae (r ≤ 3 kp) reveals a omplex periodi
struture of their residual veloities attributable to the influene of spiral density waves
(Mel'nik et al. 2001; Zabolotskikh et al. 2002; Mel'nik 2003). One of these features is the
prominent struture in the radial residual veloity distribution in Galatoentri distane
in the Gould Belt region (see Fig. 3a in Mel'nik et al. 2001) that we assoiate with the
well-known positive K-effet or with the expansion of young stars. In this paper, based on
a sample of individual stars that are members of OB assoiations, we study this effet in
detail.
The goal of this work is to study the motion of the Gould Belt using data on stars with
reliable age estimates. For this purpose, we use young and nearby OB assoiations with
age estimates obtained by different authors on the basis of urrently available observations
and methods. The rotation and expansion parameters of the Gould Belt are determined
by assuming the existene of a single kinemati enter. To this end, we use Bottlinger's
formulas in a form that allows the diretion of the single kinemati enter to be analytially
determined simultaneously with the rotation and expansionontration parameters.
METHODS OF ANALYSIS
Bottlinger's Formulas
In this paper, we use a retangular Galati oordinate system with the axes direted
away from the observer toward the Galati enter (l = 0◦, b = 0◦, the X axis), along
the Galati rotation (l = 90◦, b = 0◦, the Y axis), and toward the North Galati Pole
(b = 90◦, the Z axis). We derived the basi equations from Bottlinger's standard formulas
(Ogorodnikov 1965). By assuming the existene of a single kinemati enter of rotation and
expansion ontration (l◦, R◦), we transformed the formulas to
Vr = uG cos b cos l + vG cos b sin l + wG sin b− (1)
−D1(R− R◦) sin(l − l◦) cos b−
−D2(R −R◦) cos(l − l◦) cos b−
−F1(R− R◦)2 sin(l − l◦) cos b−
−F2(R−R◦)2 cos(l − l◦) cos b+
+k◦r cos
2 b+ k′
◦
r(R− R◦) cos2 b+
+0.5k′′
◦
r(R−R◦)2 cos2 b,
4.74rµl cos b = −uG sin l + vG cos l+
+ω◦r cos b+ ω
′
◦
r(R− R◦) cos b+
+0.5ω′′
◦
r cos b(R− R◦)2−
−D1(R− R◦) cos(l − l◦) +D2(R− R◦) sin(l − l◦)−
−F1(R−R◦)2 cos(l − l◦) + F2(R−R◦)2 sin(l − l◦),
4.74rµb = −uG cos l sin b− vG sin l sin b+ wG cos b+
+D1(R− R◦) sin(l − l◦) sin b+
+D2(R− R◦) cos(l − l◦) sin b+
+F1(R−R◦)2 sin(l − l◦) sin b+
+F2(R −R◦)2 cos(l − l◦) sin b−
2
−k◦r cos b sin b− k′◦r(R− R◦) cos b sin b−
−0.5k′′
◦
r(R−R◦)2 cos b sin b.
Here, the oeffiient 4.74 is the quotient of the number of kilometers in an astronomial unit
by the number of seonds in a tropial year, r = 1/pi is the helioentri distane of the star,
R◦ is the distane from the Sun to the kinemati enter, and R is the distane from the
star to the kinemati enter. Sine we orreted the observed motions for the peuliar solar
motion with respet to the LSR (Dehnen and Binney 1998), the quantities uG, vG, and wG
are (in ontrast to the standard approah, we reversed the signs) the veloity omponents of
the entroid of the stars under onsideration with respet to the LSR; the omponents of the
stellar proper motion µl cos b and µb are in mas yr
−1
(milliarseonds per year), the radial
veloity Vr is in km s
−1
, the parallax pi is in mas (milliarseonds), and the distanes R, R◦,
and r are in kp. The quantity ω◦ is the angular veloity of the stellar system at distane R◦;
k◦ is the radial expansion (or ontration) rate of the stellar system at distane R◦; ω
′
◦
, ω′′
◦
,
and k′
◦
, k′′
◦
are the orresponding derivatives with respet to the helioentri distane taken
at distane R◦; and l◦ is the diretion of the kinemati enter. R an be alulated using the
expression
R2 = (r cos b)2 − 2R◦r cos b cos(l − l◦) +R2◦. (2)
In Eqs. (1), we use the unknowns
D1 = D cos lθ, D2 = −D sin lθ, (3)
F1 = F cos lθ, F2 = −F sin lθ,
where D =
√
D21 +D
2
2 = ω
′R◦ è F =
√
F 21 + F
2
2 = 0.5ω
′′R◦. Based on relations (3), we
determine the orretion lθ to the assumed value of l◦ twie:
tan(lθ)D = −D2/D1, (4)
tan(lθ)F = −F2/F1,
in this ase, the new diretion is l◦ + lθ. On the other hand, we may introdue similar
quantities, G = k′R◦ and H = 0.5k
′′R◦, with the unknowns G1, G2, H1, and H2 for the
expansion to obtain
G1 = G cos lR = −G sin lθ,
G2 = −G sin lR = G cos lθ, (5)
H1 = H cos lR = −H sin lθ,
H2 = −H sin lR = H cos lθ.
The orthogonality of the expansion and rotation effets (lθ = lR+90
◦
) is refleted in relations
(5); as a result, the unknowns in Eqs. (1) annot be separated. Therefore, to determine
the diretion of the kinemati enter, it will suffie to use one of the sets of unknowns,
for example, D1, D2, F1, and F2, in Eqs. (1). Based on the desribed approah, we an
independently estimate the distane from the Sun to the kinemati enter. This estimate
an be obtained from the formulas that follow from relations (3)(5):
D = R◦|ω′◦ − k′◦|, (6)
F = 0.5R◦|ω′′◦ − k′′◦ |.
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Equations (1) ontain thirteen sought unknowns: u⊙, v⊙, w⊙, ω◦, ω
′
◦
, ω′′
◦
, k◦, k
′
◦
, k′′
◦
, D1,
D2, F1, F2, whih an be determined by the least-squares method. If the diretion of the
kinemati enter is known, then the equations have the original form
Vr = uG cos b cos l + (7)
+vG cos b sin l + wG sin b− R◦(R− R◦)×
× sin(l − l◦) cos bω′◦ − 0.5R◦(R− R◦)2×
× sin(l − l◦) cos bω′′◦ + cos2 bk◦r+
+(R−R◦)(r cos b−R◦ cos(l − l◦))×
× cos bk′
◦
+ 0.5(R−R◦)2(r cos b−
−R◦ cos(l − l◦)) cos bk′′◦ ,
4.74rµl cos b = −uG sin l+
+vG cos l − (R− R◦)(R◦ cos(l − l◦)−
−r cos b)ω′
◦
− 0.5(R−R◦)2(R◦ cos(l − l◦)−
−r cos b)ω′′
◦
+ r cos bω◦ +R◦(R−R◦)×
× sin(l − l◦))k′◦ + 0.5R◦(R−R◦)2×
× sin(l − l◦))k′′◦ ,
4.74rµb = −uG cos l sin b−
−vG sin l sin b+ wG cos b+R◦(R− R◦)×
× sin(l − l◦) sin bω′◦ + 0.5R◦(R− R◦)2×
× sin(l − l◦) sin bω′′◦ − cos b sin bk◦r−
−(R− R◦)(r cos b−R◦ cos(l − l◦))×
× sin bk′
◦
− 0.5(R− R◦)2(r cos b−
−R◦ cos(l − l◦)) sin bk′′◦ .
These equations ontain nine sought unknowns: u⊙, v⊙, w⊙, ω◦, ω
′
◦
, ω′′
◦
, k◦, k
′
◦
, k′′
◦
. A peu-
liarity of this method is that it requires the existene of derivatives only with respet to the
distane. A sample of stars uniformly distributed even in one Galati quadrant an satisfy
this requirement.
The Statistial Method
We use the standard statistial method (Trumpler and Weaver 1953; Parenago 1954;
Ogorodnikov 1965) that onsists in determining and analyzing the symmetri moment ten-
sor or the stellar residual veloity dispersion tensor. When both the radial veloities and
proper motions of stars are used to determine the six unknown omponents of the dispersion
tensor, we have six equations that an be written for eah star. The semiaxes of the residual
veloity (Shwarzshild) ellipsoid that we denote by σ1,2,3 an be determined by analyzing
the eigenvalues of the dispersion tensor. We denote the diretions of the prinipal axes of
this ellipsoid by l1,2,3 and b1,2,3. A peuliarity of the approah used here is that the stellar
veloities orreted for the peuliar solar motion with respet to the LSR and for the general
Galati rotation are used as the residual veloities.
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The OgorodnikovMilne Model
In the linear OgorodnikovMilne model, we use the same notation that was introdued by
Clube (1972, 1973) and used by du Mont (1977, 1978). We modify the linear model developed
to desribe the general Galati rotation to desribe the peuliarities of the veloity field of
nearby stars. To within terms of the first order of smallness r/R◦ ≪ 1, the observed veloity
V(r) of a star with a helioentri radius vetor r is desribed by the vetor equation
V(r)−VGR −V⊙LSR = VG +Mr+V′. (8)
Here, VGR is the systemati veloity of the star attributable to the general Galati rotation,
VLSR is the peuliar solar motion with respet to the LSR, VG(uG, vG, wG) is the veloity of
the entroid of the stars under onsideration relative to the LSR, V
′
is the residual stellar
veloity (the residual stellar veloities are assumed to be distributed randomly), and M is
the displaement matrix that desribes systemati motions similar to the proper rotation and
expansionontration effets. The omponents of the matrix M are the partial derivatives
of u(u1, u2, u3) with respet to r(r1, r2, r3):
Mpq =
(
∂up
∂rq
)
◦
, (p, q = 1, 2, 3). (9)
The matrix M an be separated into symmetri, M+, and antisymmetri, M−, parts. Fol-
lowing Ogorodnikov (1965), we all them the loal deformation and loal rotation tensors,
respetively:
M+pq =
1
2
(
∂up
∂rq
+
∂uq
∂rp
)
◦
, (10)
M−pq =
1
2
(
∂up
∂rq
− ∂uq
∂rp
)
◦
,
(p, q = 1, 2, 3).
The basi equations are
Vr = uG cos b cos l + vG cos b sin l + wG sin b+ (11)
+r(cos2 b cos2 lM11 + cos
2 b cos l sin lM12+
+cos b sin b cos lM13 + cos
2 b sin l cos lM21+
+cos2 b sin2 lM22 + cos b sin b sin lM23+
+ sin b cos b cos lM31 + cos b sin b sin lM32+
+ sin2 bM33),
4.74rµl cos b = −uG sin l + vG cos l+
+r(− cos b cos l sin lM11 − cos b sin2 lM12−
− sin b sin lM13 + cos b cos2 lM21+
+cos b sin l cos lM22+
+ sin b cos lM23),
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4.74rµb = −uG cos l sin b− vG sin l sin b+ wG cos b+
+r(− sin b cos b cos2 lM11−
− sin b cos b sin l cos lM12−
− sin2 b cos lM13 − sin b cos b sin l cos lM21−
− sin b cos b sin2 lM22 − sin2 b sin lM23+
+cos2 b cos lM31 + cos
2 b sin lM32+
+ sin b cos bM33),
where the stellar veloity omponents orreted for the general Galati rotation and for the
peuliar solar motion with respet to the LSR appear on the left-hand sides. Equations (11)
ontain twelve sought unknowns: the three veloity omponents VG(uG, vG, wG) and the nine
omponents Mpg that an be determined by the least-squares method. The deformation and
rotation tensor omponents an be alulated using the values of Mpq derived from relations
(10). This method requires the existene of all derivatives with respet to the oordinates.
A sample of stars that densely fill eah oordinate axis is needed to meet this requirement.
OBSERVATIONAL MATERIAL
Data on Stars
We ompiled our working list of stars loated no farther than ≈ 650 p from the Sun
using the following soures: we took the Hipparos (ESA 1997) star numbers for the Col 121,
Per OB2, Vel OB2, Tr 10, LCC, UCL, US, Cep OB2, La OB1, Cep OB6, β Per (Per OB3),
and Cas Tau assoiations from de Zeeuw et al. (1999); for the Ori OB1 ad assoiations
from Brown et al. (1994); for the IC 2391, IC 2602, NGC 2232, NGC 2451, NGC 2516, NGC
2547, and Pleiades lusters from the list by Robihon et al. (1999); the list of members of
the TW Hydrae (TWA), β Pi, and Tuana/HorA assoiations from Song et al. (2003); and
for the a Car luster from Platais et al. (1998). The data on 24 stars having X-ray emissions
and loated no farther than 50 p from the Sun were taken from Makarov (2003), where
they are denoted as an XY sample. The star HIP 30030 in Makarov's list is a member of
the TWA luster, belongs to the Tuana/HorA group, and is designated TWA42 (Song et
al. 2003). The data on 34 stars loated no farther than 100 p from the Sun were taken from
Wihmann et al. (2000, 2003). Four stars were not inluded in other lists; we plaed them in
group 2. Table 1 gives the ages of the seleted lusters. We took the equatorial oordinates,
parallaxes, and proper motions from the Hipparos atalog and the radial veloities from
the atalog by Barbier-Brossat and Figon (2000). We use only single stars (the astrometri
orbital binaries marked by the symbol O were rejeted) for whih the parallaxes, radial
veloities, and proper motions are available. Based on the stellar ages (Table 1), we divided
the stars into three groups: (1) the youngest stars with ages < 10 Myr (group 1); (2) the
stars with middle ages of 10− 60 Myr (group 2); and (3) the old stars with ages of 60− 125
Myr (group 3).
Allowane for the Galati Rotation
We took into aount the general Galati rotation using the parameters found previously
(Bobylev 2004): ω◦ = −28.0 ± 0.6 km s−1 kp−1, ω′◦ = +4.17 ± 0.14 km s−1 kp−2, and
ω′′
◦
= −0.81 ± 0.12 km s−1 kp−3. The Galatoentri distane of the Sun was assumed to
be R◦ = 7.1 kp, whih orresponds to the short distane sale (Dambis et al. 2001). The
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radial veloities and proper motions of the stars were orreted for peuliar solar motion with
respet to the LSR using the values obtained by Dehnen and Binney (1998): (u⊙, v⊙, w⊙) =
(10.0, 5.3, 7.2) km s−1.
RESULTS
A preliminary analysis of the stellar spae veloities showed the neessity of setting a
limit on the total stellar veloity,
√
U2 + V 2 +W 2 < 30 km s−1, whih we use below. The
residual veloities U , V , and W were alulated from standard formulas (Kulikovskii 1985).
We used stars with parallaxes pi > 1.5 mas (r < 667 p). The number of stars used is given
in the last olumn of Table 1. Thus, eah of groups 1, 2, and 3 always ontains a fixed
number of stars, 114, 342, and 150, respetively. For our sample of stars, the mean error
in the parallax is 15− 17%. The mean errors in the proper motion omponents of the stars
4.74rµl cos b and 4.74rµb, inluding the errors in the parallaxes, are ≈ 1 km s−1. For ≈ 40%
of the stars, there are no data on the errors in the radial veloities (Barbier-Brossat and
Figon 2000); for stars with available information about the errors, the mean error is ≈ 3.5
km s
−1
.
The group 1 stars are distributed exlusively in Galati quadrant III. The group 2 stars
fill the solar neighborhood within r ≈ 650 p of the Sun most uniformly. The group 3 stars
densely fill a ompat zone within r ≈ 50 p of the Sun in Galati quadrant II. We also
formed a ombined group of young (< 60 Myr) stars omposed of the group 1 and group 2
stars. For the latter ombined group, the appliation of all kinemati models proved to be
possible.
As the first approximation for the diretion of the kinemati enter, we take l◦ = 160
◦
and R◦ = 150 p (Bobylev 2004). Solving the system of equations (1) for the ombined group
of young stars (group 1+group 2) yielded the following kinemati parameters of the linear
motion of the stars: (uG, vG, wG) = (0.0± 0.7,−12.3± 0.7, 1.3± 0.3) km s−1. Consequently,
the stars under onsideration move with respet to the LSR at a veloity of VG = 12.3± 0.7
km s
−1
in the diretion LG = 270± 3◦ and BG = 6± 1◦. Further,
ω◦ = −32.4± 3.8 km s−1 kp−1, (12)
ω′
◦
= +93.2± 28.3 km s−1 kp−2,
ω′′
◦
= −170.5± 107.8 km s−1 kp−3,
k◦ = +27.9± 3.8 km s−1 kp−1,
k′
◦
= −122.3± 28.3 km s−1 kp−2,
k′′
◦
= +233.7± 107.8 km s−1 kp−3,
l◦ = 128
◦,
(lθ)D = 2
◦,
(lθ)F = 181
◦,
(R◦)D = 180 p,
(R◦)F = 410 p.
The results of the solution of (12) are presented in Fig. 1, where line 1 indiates the
derived expansion urve with the estimated parameters k◦, k
′
◦
, and k′′
◦
; line 2 indiates the
rotation urve with the estimated parameters ω◦, ω
′
◦
, and ω′′
◦
. As we see from the solution
of (12), the value of R◦ = 180 p alulated using the first derivatives is in satisfatory
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agreement with the R◦ = 150 p found previously (Bobylev 2004). The expansion urve
onstruted by solving (12) has a veloity maximum of V = 4.4 km s−1 at R = 200 p from
the enter. Based on these data, we determined the time elapsed from the onset of expansion,
τ = 44 Myr, and it is in good agreement with the ages of the stars under onsideration.
Applying the OgorodnikovMilne model (Eqs. (11)) to the ombined group of young stars
(group 1+group 2), we found the following omponents of the tensors M , M+, and M− (km
s
−1
kp
−1
):
M =

 13.0(3.3) 8.1(1.4) −4.4(8.6)−21.5(3.3) 2.9(1.4) −7.0(8.6)
4.6(3.3) 4.3(1.4) −18.8(8.6)

 , (13)
M+ =

 13.0(3.3) −6.7(1.8) 0.1(4.6)−6.7(1.8) 2.9(1.4) −1.4(4.3)
0.1(4.6) −1.4(4.3) −18.8(8.6)

 ,
M− =

 0 14.8(1.8) −7.1(5.0)−14.8(1.8) 0 −4.5(4.6)
4.5(4.6) 5.7(4.3) 0

 .
The Oort parameters are: AG = M
+
21 = −6.7±1.8 km s−1 kp−1, BG =M−21 = −14.8±1.8 km
s
−1
kp
−1
, CG = 0.5(M
+
11−M+22) = 5.1±1.8 km s−1 kp−1, KG = 0.5(M+11+M+22) = 8.0±1.8
km s
−1
kp
−1
. In Eqs. (11), the X axis is direted toward the Galati enter (l◦ = 0
◦
). The
deformation tensor in the prinipal axes M+G is (km s
−1
kp
−1
):
M+G =

 16.4 0 00 −0.4 0
0 0 −18.9

 ;
the diretions of the prinipal axes are:
L1 = 153.5± 0.2◦, B1 = −1.1 ± 0.0◦, (14)
L2 = 243± 10◦, B2 = 4± 8◦,
L3 = 81± 10◦, B3 = 86± 11◦.
The vertex deviation in the XY plane that we determined from the formula tan 2lXY =
−C/A is lXY = 19± 6◦ and indiates one of the diretions of the rotation enter; the other
diretion is l = 109◦ and is lose to the diretion of the kinemati enter l◦ = 128
◦
that we
found using Eqs. (1).
An analysis of the deformation tensor (19), (20) leads us to the important onlusion
(whih annot be drawn from model (1)) that expansion takes plae exlusively in the
Galati XY plane.
The results of applying the statistial method are given in Table 2. As we see from this
table, the diretion of the rotation enter for the ombined group of stars (Group 1+Group 2)
is determined aurately, l1 = 132.7 ± 0.4◦. The first axis of the residual veloity ellipsoid
(the vertex deviation) hanges its diretion with the age of the stars under onsideration.
This is onsistent with the dynami model of Olano (2001). As Olano showed, the diretion
of the vertex rotation depends on the ritial stellar density in the solar neighborhood ρ/ρ∗,
where ρ is given in M⊙ p
−3
. Following Olano's estimates (ρ/ρ∗ = 1.5), we assume that
the hange ours ounterlokwise in the oordinate system under onsideration. Thus, the
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vertex deviation hanges from l1 = 36
◦
for the sample of old stars (Group 3) to l1 = 131
◦
for
the sample of middle-aged stars (Group 2) and to l1 = 172
◦
for the sample of the youngest
stars (Group 1). Assoiating this diretion with the diretion of the kinemati enter, we an
see that the enter does not remain onstant. Therefore, its independent determination is
required for eah sample of stars. There is good agreement of the orientation of the residual
veloity tensor for the Group 1 and Group 2 stars that we found (Table 2) with the geometri
harateristis of the Gould Belt (Torra et al. 2000). For example, for the group-2 stars, the
diretions l2 = 224 ± 18◦ and b2 = −22 ± 5◦ almost math the harateristis of the Gould
Belt ΩG = 275− 295◦ and iG = 16− 20◦ (here, ΩG is the diretion of the line of nodes of the
Gould Belt and iG is the inlination of the disk to the Galati plane) found by Torra et al.
(2000).
For the ombined group of stars (Group 1+Group 2), we obtained the solutions of Eqs.
(7) in whih we used l◦ = 128
◦
and R◦ = 150 p. Equations (7) were solved for two ases,
with nine and seven unknowns in the first and seond ases, by assuming that the seond
derivatives ω′′
◦
and k′′
◦
are equal to zero. The results are presented in Table 3 and Fig. 2. In
Fig. 2, urves 1 and 2 were onstruted using the data in the upper part of Table. 3; urves 5
and 6 were onstruted using the data in the lower part of Table 3 (seven unknowns). Curve
4 in Fig. 2 represents the results of applying the OortLindblad model, whih for l◦ = 128
◦
are the following: AG = 6.5± 1.8 km s−1 kp−1 and BG = −14.8± 1.8 km s−1 kp−1 (these
values were obtained from the equations of the Ogorodnikov Milne model, but the urve is
essentially the OortLindblad approximation). The time elapsed from the onset of expansion
for urves 2 and 6 is about τ = 120 Myr, whih signifiantly exeeds the estimate obtained
by solving (12).
The results of solving Eqs. (7) for group 3 are given in the lower part of Table 3. The
parameters derived for group 3 differ signifiantly from those of young stars: the rotation
and the expansion have opposite signs. We assoiate the kinemati peuliarities of the Loal
system of stars that were found by Tsvetkov (1995a, 1995b, 1997) by studying type-A and
-F stars with these stars. It is the influene of the Group 3 stars that led to the paradox
that younger OB stars showed a slower rotation than older stars (Bobylev 2004).
Figures 3 and 4 show the residual veloities U , V , and W of middle-aged Gould Belt
stars in projetion onto the Galati XY and XZ planes. These veloities are residual in
every sense, beause they were orreted from both the peuliar solar motion and the total
veloity VG that we found. Thus, we relate the veloities to a oordinate system whose enter
is the enter of mass of the Gould Belt that moves with respet to the LSR.
Figure 5 shows the residual veloities of stars in the young β Pi and Tu/HorA lusters
together with TWA luster stars.
DISCUSSION
The kinemati parameters that we derived using the linear OgorodnikovMilne model are
in exellent agreement with the kinemati model of the Gould Belt suggested by Lindblad
(2000), whih is based on an analysis of the results by Comeron (1999) and Torra et al.
(1997) for the age interval of Gould Belt stars 20 − 40 Myr. Lindblad's model assumes the
proper rotation of the Gold Belt stars with an angular veloity of ωG = B − Aω = −24
km s
−1
kp
−1
(Aω = 6.4 km s
−1
kp
−1
and B = −17.4 km s−1 kp−1) and the expansion
with K = 11.3 km s−1 kp−1 in the diretion of the enter l◦ = 127
◦
. An analysis of the
urves in Fig. 2 indiates that the linear model faithfully desribes the observed veloity
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field of the stars under onsideration no farther than 200−300 p from the kinemati enter.
Our rotation parameters for the Gould Belt are onsistent with the model by Olano (2001)
and with the evolution model of the youngest moving lusters by Asiain et al. (1999). The
question of whether the β Pi, Tu/HorA, and TWA lusters belong to the Gould Belt
struture is urrently being debated. Makarov and Fabriius (2001) diretly assoiate these
lusters with the Gould Belt; Song et al. (2003) ast doubt on this assoiation. In our opinion,
a omparison of the stellar residual veloities for all of the lusters (β Pi, Tu/HorA, and
TWA) in Fig. 5 with our rotation and expansion urves suggests that the luster stars belong
to the Gould Belt struture. The last row in Table 2 gives our alulated parameters of the
residual veloity ellipsoid for all 33 stars of the β Pi, Tu/HorA, and TWA lusters. An
analysis of l1, b1, l2, b2, l3, b3 and a omparison of Figs. 4 and 5 indiate that these stars
belong to the disk of the Gould Belt. Ortega et al. (2002) performed model alulations of
the orbits of β Pi luster members in the Galati field of attration for an interval of 11.5
Myr and used them to determine the birthplae of the luster. As follows from an analysis
of our rotation urve for the Gould Belt (line 1 in Fig. 2), the Gould Belt has a substantial
mass. Therefore, in our view, to determine the birthplaes of the β Pi, Tu/HorA, and
TWA lusters, the gravitational potential of the Gould Belt (≈ 2 × 106M⊙) or the entire
Loal system of stars (≈ 2× 107M⊙) must be taken into aount.
CONCLUSIONS
We have analyzed the residual veloity field of nearby and young Gould Belt stars by
assuming the existene of a single kinemati enter (the enter of proper rotation and ex-
pansion). The diretion of the kinemati enter of the Gould Belt was found to be: l◦ = 128
◦
and R◦ = 150 p.
Using the OgorodnikovMilne model, we showed that the vetors of the radial omponent
of the residual veloity field (a positive K-effet) lie in the Galati XY plane unrelated to
the plane of symmetry of the Gould Belt disk. This led us to onlude that the effet in
question results from the impat of a spiral density wave propagating preisely through the
Galati disk on the loud of gas out of whih the stars under onsideration were subsequently
formed. In ontrast, the effet of proper rotation is losely related to the plane of symmetry
of the Gould Belt disk.
We have onsidered an approah that, in our view, allows the observed residual ve-
loity field of the Gould Belt stars to be desribed more faithfully than does the linear
(OortLindblad) model. The linear veloities that we found for a sample of stars younger
than 60 Myr reah their maximum at a distane of ≈300 p from the kinemati enter and
are −6 km s−1 for the rotation and +4 km s−1 for the expansion. Our onstruted proper
rotation urve for the sample of young stars in the Gould Belt suggests that its mass is
substantial. This onlusion is in agreement with the spatial distribution of faint stars with
X-ray emission (Guillout et al. 1998). We argue that the young β Pi, Tu/HorA, and TWA
lusters belong to the Gould Belt struture.
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